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Effect of variety and cooking method on resistant starch

content of white rice and subsequent postprandial
glucose response and appetite in humans

Yu-Ting Chiu Ms, Maria L Stewart PhD

Department of Human Nutrition, Food and Animal Science, University of Hawaii at Manoa, Honolulu, USA

Rice is a staple carbohydrate throughout much of the world. Previous work indicated that resistant starch (RS)
content of rice consumed in India varied with rice variety and cooking method. This study quantified RS in 4
white rice varieties (jasmine, long grain, medium grain, and short grain) cooked in three manners (oven baked,
conventional rice cooker, and pressure cooker), and analyzed for RS content immediately after preparation or af-
ter 3 days of refrigeration at 4°C. The rice varieties with the highest and lowest RS content were selected for a pi-
lot-scale trial to characterize postprandial glycemic response and appetite ratings in healthy adults (n=21). Refrig-
erated long-grain rice cooked in a conventional rice cooker had the highest RS content (HRS, 2.55 g RS/100 g)
and refrigerated short-grain rice cooked in a pressure cooker had the lowest RS content (LRS, 0.20 g RS/100 g).
These rice samples were served reheated in the clinical trial. Glucose area under the curve (AUC) were signifi-
cantly lower with HRS and LRS compared to glucose beverage; however, there was no difference between HRS
and LRS. Glycemic indices did not differ significantly between HRS and LRS. Subjects reported an overall in-
creased feeling of fullness and decreased desire to eat based on incremental area under the curve (iIAUC) for both
HRS and LRS compared to control. This study found that RS naturally occurring in rice had minimal impact on

the postprandial glycemic response and appetite.
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INTRODUCTION
Resistant starch (RS) is naturally found in starchy foods
such as potato, corn and rice. Due to its chemical nature
and low digestibility, RS is considered a type of dictary
fiber. Resistant starch is classified into four subtypes
based on its physicochemical properties. Type 1 (RS1) is
physically inaccessible starch granules, ie seeds. Type 2
(RS2) is native granular starch, such as that found in pota-
to and banana. Type 3 (RS3) is retrograded starch made
by cooking/cooling processes on starchy materials. Type
4 (RS4) is chemically modified starch. Foods containing
RS3 have relatively reduced digestible carbohydrate con-
tent, while dietary fiber content is relatively increased.

Resistant starch escapes digestion in the stomach and
small intestine and enters into the large intestine, where it
may be fermented by colonic microbiota to produce short
chain fatty acids which lower the colonic pH.' Addition-
ally, systemic effects of RS include improving the insulin
sensitivity’® and decreasing the postprandial blood glu-
cose and insulin response in healthy subjects and subjects
with elevated fasting glucose.”® However, not all studies
have shown reduction in glycemic response or fasting
glucose concentrations after RS consumption.”® These
differences may be attributed to food form, source of RS,
and subject characteristics.

Rice is a staple carbohydrate source in many Asian
countries. The consumption of rice has gradually in-
creased within the United States during the past decade,

even though rice is not a staple carbohydrate of the Amer-
ican diet.” Rice cultivars vary in RS content; RS content
is dependent on original amylose content. Resistant starch
content may be increased during food processing, cooling,
and storage.'’ Current data on RS content of rice are in-
consistent, ranging from 0.8 g to 26.1 g per cup of cooked
rice."" Although the GI of rice has been studied by several
groups, this is the first study to consider RS content when
evaluating postprandial glycemic response to rice.'*"
Resistant starch from rice has the potential to improve
human health; however, RS content must first be better
characterized, and subsequent clinical trials are necessary
to confirm a physiological benefit. The objectives of the
present study were to 1) determine the effect of cooking
method and refrigeration on RS content of 4 varieties of
commonly consumed white rice; and 2) assess the impact
of RS on postprandial glucose response and appetite rat-
ings in 21 healthy adults. This study hypothesizes that
rice variety will significantly impact RS content, and rice
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with high RS content will result in a lower postprandial
glycemic response.

MATERIALS AND METHODS

Determination of RS in rice

A survey of available rice varieties was conducted in four
major supermarkets in Honolulu, Hawaii, USA. The most
common brands of short-grain, medium-grain, long-grain,
and jasmine rice were selected for analysis. Each rice
variety was cooked using each of three different methods
(oven baked, conventional rice cooker, and pressure
cooker). In the oven baked method, 1 cup rice was com-
bined with 1.5 cup water and baked in a covered glass
baking dish at 175°C for 30 minutes. In the conventional
rice cooker (Aroma®, San Diego, CA USA), 1 cup rice
was combined with 1.5 cups water and cooked until the
rice cooker turned off (20-30 minutes cooking time). In
the pressure cooker method (Presto® stove top pressure
cooker, Eau Claire, WI USA, 1 cup rice was combined

with 4 cup water and cooked for 6 minutes under pressure.

The remaining water was strained from the rice. A por-

tion of rice was refrigerated immediately after preparation.

Resistant starch content of fresh rice was measured im-
mediately after preparation, while RS content of refriger-
ated rice was measured after 3 days of storage at 4°C.

Resistant starch was measured by AOAC Official
Method 2002.02, using a commercially available assay kit
(Megazyme International, Ireland). All samples were ana-
lyzed in duplicate. Unless otherwise noted, all reagents
were obtained from Sigma-Aldrich (St Louis, MO, USA).
Fresh rice samples were prepared for RS analysis imme-
diately after cooking. Refrigerated rice were removed
from the refrigerator and reheated prior to RS analysis.
Each rice sample was ground using a mortar and pestle.
The sample (0.5 g) was combined with 4 mL pancreatic
a-amylase (10 mg/mL) containing amyloglucosidase (3
U/mL). Samples were incubated in a shaking water bath
at 37°C, with continuous shaking for 16 hours. Upon re-
moval from the water bath, ethanol (4 mL, 99% v/v) was
added to each sample, and samples were vortexed. The
samples were then centrifuged at 2,000 g for 10 minutes.
Supernatants were decanted. Pellets were re-suspended
with 2 mL ethanol (50% v/v) and vortexed. Additional
ethanol (6 mL, 50% v/v) was added, the tubes were vor-
texed and then centrifuged at 2,000 g for 10 minutes. The
suspension, vortex and centrifuge steps were repeated
twice.

A magnetic stir bar and 2 mL potassium hydroxide (2
M) were added to each remaining pellet. Samples were
stirred and incubated in an ice water-bath for 20 minutes.
Sodium acetate buffer (8 mL, 1.2 M, pH 3.8) was added
to each tube, and 0.1 mL amyloglucosidase (3300 U/mL)
was added immediately after. The tubes were mixed and
placed in a water bath at 50°C for 30 minutes. Samples
were centrifuged at 2,000 g for 10 minutes. Aliquots (0.1
mL) of supernatants were transferred into clean glass test
tubes. Glucose oxidase/peroxidase reagent was added into
test tubes and tubes were incubated in a water bath at
50°C for 20 minutes. Immediately upon removal, absorb-
ance was measured at 510 nm compared with a reagent
blank (0.1 mL of 100 mM sodium acetate buffer (pH 4.5)
with GOPOD reagent) by spectrophotometer (Shimadzu

UV-160U, Kyoto, Japan). Based on the RS analysis, the
rice samples with the highest and lowest RS content were
selected for use in the clinical study.

Determination of glucose response and appetite ratings
after rice consumption

Twenty-one healthy adults (12 men and 9 women) were
recruited from the University of Hawaii at Manoa and
nearby communities via flyers and posters. Eligibility
criteria included: 1) age between 18 and 65 years old; 2)
non-smoker, non-vegetarian and not under any medica-
tion(s); 3) must eat breakfast regularly; 4) be able to fast
for 12 hours and attend three morning study visits. Exclu-
sion criteria included: 1) pregnancy or lactating; 2) have
been diagnosed with disease(s) or take medication(s); 3)
smoker, and/or vegetarian; 4) gain or lost weight greater
than 10 Ibs in the past three months; 5) currently enrolled
in other clinical studies; 6) have a restricted eating habit;
7) have a fasting blood glucose level >126 mg/dL. The
research project was approved by the University of Ha-
waii Committee on Human Studies (CHS), and written
consent was obtained from the subjects after a full expla-
nation of consent and methods of the study.

Prior to the first study visit, subjects completed an eat-
ing habits questionnaire to identify any restricted eating
habits'* and a health history questionnaire to confirm
health status. Fasting blood glucose concentration was
measured with an OneTouch® Ultra blood glucose meter
(LifeScan) to ensure subjects were not diabetic (blood
glucose <126 mg/dL). Study visits were completed no
less than two days apart. Subjects completed a 1-day diet
record on the day prior to the study visit. On the morning
of the study visit, subjects arrived fasted (prior 12 hours).
The study was a randomized, single-blind crossover study.
At each study visit, subjects consumed one of three
treatments: glucose beverage (control, 50 g glucose), high
RS rice (HRS), and low RS rice (LRS). All rice treat-
ments were reheated in the microwave prior to serving to
the study subjects. The cooked rice portions contained 50
g available carbohydrate, each (HRS: 4.4 g RS/50 g
available carbohydrate, LRS: 0.4 g RS/50 g available
carbohydrate). Subjects’ fasting blood glucose was meas-
ured at the beginning of the study visit (time 0). Subjects
were immediately presented with the test rice or glucose
beverage and were required to consume the treatment
within 15 minutes. Blood glucose measurements were
taken at 15, 30, 45, 60, 90, and 120 minutes during the 2
hour study visit. Blood glucose area under the curve
(AUC) was calculated using the trapezoidal rule. Glyce-
mic index for HRS and LRS was calculated based on the
glucose response AUC."

Appetite survey was assessed with a 100 mm visual
analogue scale (VAS). The subjects answered the follow-
ing appetite survey questions at 0, 15, 30, 45, 60 and 120
minutes: “How hungry are you?” 0 = Not hungry at all
and 100 = I have never been more hungry; “How satisfied
do you feel?” 0 = I am completely empty and 100 = I
cannot eat another bite; “How full do you feel?” 0 =Not
full at all and 100 = Totally full; “How much do you
think you can eat?” 0 = Nothing at all and 100 = A lot.
The VAS ratings were quantified by measuring the dis-
tance from the left end of the scale to the point marked by
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Table 1. Resistant starch content (g RS/100 g prepared rice, mean+SE) in 4 varieties of white rice, prepared by dif-
ferent cooking methods

Fresh p-value Refrigerated p-value
within within
Variety Pressure Rice cooker Oven fresh Pressure  Rice cooker Oven refrig.
varieties’ varieties’
Jasmine 0.53+0.01**  0.92+0.02° 0.95+0.02°*  0.001 0.41+£0.02*  0.74+0.12°* 0.38+0.03*"  0.001
Long Grain 0.58+0.02* 1.08+0.27 0.72+0.01® 0.206 0.47£0.23% 2.55+0.74°®  0.67£0.08%  0.002
Medium Grain  0.37+0.08*®  0.49+0.12 0.27+0.01°  0.29 0.26£0.51* 0.86+0.3**  0.34£0.09**  0.004
Short Grain 0.29+0.02%  038+0.06 038+0.01° 0.316 0.20£0.07% 0.81+0.26"* 0.23£0.07**  0.007
p-value
within cooking 0.028 0.075 <0.0001 0.080 0.001 0.001
method?

"Within a row of fresh or refrigerated samples, cells with different lower case superscripts are significantly different (p<0.05). ANOVA
Model RS = cooking method, data grouped by variety and fresh/refrigerated, n=2
*Within a column, cells with different upper case superscripts are significantly different (p<0.05), ANOVA Model RS = variety, data

grouped by cooking method and fresh/refrigerated, n=2

*Indicates that resistant starch was significantly different between fresh and refrigerated samples (within variety and cooking method), t-

test p< 0.05.

Table 2. Demographics (n =21)

Men/Women (n) Age (yr) Height (m) Weight (kg) BMI (kg/m®)
Mean 12/9 29.33 1.70 66.2 22.9
Range -- 22-57 1.47-1.90 49.1-102.7 18.5-30.1

the participant. All measurements were reported in milli-
meters. Appetite AUC was calculated using the trapezoi-
dal rule.

Dietary intake data were collected and analyzed using
the Nutrition Data System for Research software version
4 (2010), developed by the Nutrition Coordinating Center,
University of Minnesota, Minneapolis, MN. Total energy,
fat, protein, carbohydrate, saturated fatty acids, monoun-
saturated fatty acids, polyunsaturated fatty acids, total
dietary fiber, soluble dietary fiber and insoluble fiber
were analyzed.

Statistical analysis

Data were analyzed with SAS statistical software (Ver-
sion 9.1.3, North Carolina, USA). Results are presented
as mean+£SD. Resistant starch content was compared
among rice varieties and cooking methods using ANOVA
(PROC GLM). Effect of refrigeration was determined
using the #-test. Treatment effects on blood glucose con-
centrations and appetite ratings were determined using
PROC MIXED to control for subject variation. Signifi-
cant differences were determined at p<0.05.

RESULTS

Effect of cooking method and variety on RS content of
rice

Within the fresh rice, cooking method did not significant-
ly affect RS content of long grain, medium grain, or short
grain rice varieties (Table 1). Pressure cooking signifi-
cantly reduced the RS content of fresh jasmine rice, com-
pared to the rice cooker and oven baking. Within the
pressure cooked and oven baked rice, rice variety had a
significant effect on RS content of fresh rice. Resistant
starch content of refrigerated rice was significantly im-
pacted by cooking method, with the rice cooker consist-

ently producing higher RS content within a variety. Rice
variety significantly influenced RS content of refrigerated
rice when rice was prepared with a rice cooker and when
baked in the oven. Refrigeration significantly decreased
the RS content of pressure cooked and oven baked Jas-
mine rice, but had no effect on the other rice varieties or
cooking methods. Refrigerated long grain rice prepared
with the rice cooker had the highest RS content (2.55 g
RS/100 g as-eaten rice). Refrigerated short grain rice pre-
pared with the pressure cooker had the lowest RS content
(0.20 g RS/100 g rice). These two rice varieties were se-
lected for use in the glycemic response trial.

Effect of RS on glycemic response and appetite

Baseline demographics of the study subjects are shown as
average and range of each characteristic in Table 2. Mean
fasting blood glucose concentrations (t=0) were not dif-
ferent among treatment groups (Table 3). Blood glucose
concentrations differed significantly at 30 min, 45 min,
and 60 min, with glucose control resulting in higher con-
centrations than HRS and LRS. Glucose AUCs were sig-
nificantly lower for HRS and LRS compared to glucose
control. There was no statistical difference between the
GI of the two rice treatments. Macronutrient intake and
energy intake did not differ among treatment groups (Ta-
ble 4). The decreased appetite scores (Figure 1A, Figure
1D) and negative AUC represent (Figure 2) a decreased
feeling of hunger and decreased desire to eat. The in-
creased appetite scores (Figure 1B, Figure 1C) and the
increased AUC (Figure 2) represent an increased feeling
of satisfaction and increased feeling of fullness. Appetite
ratings did not differ significantly at each individual time
point (Figure 1). Subjects reported significantly increased
fullness and significantly lower desire to eat after con-
suming HRS and LRS compared to glucose control based
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Table 3. Mean blood glucose concentrations (mmol/L,
mean + SE)

Treatment Glucose High RSrice Low RS rice
beverage
0 Min 536+0.13 533+0.13 5.14+0.11
15 Min 8.13+£028 7.67+020 7.38+0.24
30 Min 9.29+023* 827+026" 7.93+0.21°
45 Min 8.98+041° 7.66+0.28" 7.57+0.24°
60 Min 8.07+037° 7.38+0.31° 6.71+0.26°
90 Min 6.92+035 6.58+0.27 5.99+0.23
120 Min 506+£028 5.76+022 5.55+0.18
Total AUC 264 £24.4  211+14.1 181 £ 12.0
Glycemic index -- 83.9+6.6 78.0+10.6

Different letters indicate that the data in the same column were
significantly different between control and rice treatments, ANO-
VA (p<0.05)

on the total AUC (Figure 2).

DISCUSSION
Rice has been considered a carbohydrate with low to
moderate dietary fiber content, based on total dietary fiber
analysis (0.6-3.5 g dietary fiber/1 cup prepared rice)'®!’
and resistant starch analysis (1.9-3.4 g RS/1 cup prepared
rice).'"® However, resistant starch content varies with
cooking process (steamed, boiled, strained, or pressure
cooked) and rice cultivar, ranging from 0.8-26.1 g RS/1
cup prepared rice.'! Walter et al, reported similar RS con-
tent, although the range of values was not as great as
Rashmi ef al.'™'"® Results from this study were similar to
or lower than previous reports. This may be attributed to
cooking method and rice cultivar.

Carbohydrate digestibility is influenced by intrinsic

Table 4. Dietary intake during 24 hours prior to study visit (mean + SE)

Glucose Beverage High RS Rice Low RS Rice p
Energy Intake (kcal) 2330+ 218 2369 + 219 2069 + 176 0.12
(kJ) 9755+£912 9917 £917 8662 + 739
Total Fat (g) 102+13.9 97.7+12.6 82.1+10.4 0.43
Saturated FA 31.6 4.1 31.6+44 29.8+4.2 0.48
MUFA 40.2+6.6 37.4+5.1 29.9+42 0.50
PUFA 21.8+3.3 203+2.9 153+1.8 0.27
Total carbohydrate (g) 253 +£20.7 264 £22.1 243 +£20.5 0.05
Total protein (g) 104+ 11.9 108+ 11.4 93.0+7.4 0.27
Total dietary fiber (g) 21.0+£2.4 189+22 18.5+£23 0.24
Soluble fiber 59+1.0 52+0.6 5.6+0.7 0.19
Insoluble fiber 15.0+ 1.8 13.3+1.8 142+23 0.77
n =21, ANOVA was used to compare dietary outcomes across treatments
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Figure 1. Mean appetite rating in response to glucose beverage and rice treatments over time (n=21)
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Figure 2. Total appetite ratings AUC (n=21). AUC is the area under the appetite rating-time curve from 0 to 2 hr after consumption.

factors (eg food forms, granule shape and crystalline
structure, etc) and extrinsic factors (eg other food compo-
nents). The rate of digestion in different rice varieties is
modified due to the effect of cooked-rice particle size,
preparation, cooking procedures (eg cooking time, heat
treatment), and storage methods on their chemical struc-
tures (eg amylose).''?**' Rice varieties with similar am-
ylose content can result in different starch digestion rate
and glycemic response due to different physicochemical
properties (eg gelatinization) and the factors previously
mentioned.”' Jung et al** reported that uncooked rice with
less gelatinization resulted in lower glycemic and insulin
response than cooked rice. Gelatinization is correlated
with digestibility of starch and metabolism responses.

Besides the cooling and drying processes, another con-
founding factor that has been considered to alter the RS
content and the degree of RS formation is the length of
chill storage. Ma et al indicated that the grain structure of
various cooked rice was significantly affected by chill
storage time.” Cold room cooling method, a longer cool-
ing process, resulted in a higher rate of retrogradation
than air blast cooling (immediate cooling). In addition,
Ma et al also claimed amylose content alters the retrogra-
dation that can easily occur with high-amylose content
rice varieties at 0-4°C.> In the present study, the state of
gelatinization was not measured. The rice in this study
was stored for 3 days at 4°C prior to RS analysis or con-
sumption. Longer storage has the potential to increase RS
content; however microbial growth could render the rice
unfit for consumption. Including these characteristics in
future studies may provide for a better understanding of
RS formation in foods.

White rice is typically considered a high GI food, as
previously reviewed by Atkinson et al.** While the mean
GI reported in this review was 73, the range of published
GI values was quite wide: 43-94. This emphasizes the
importance of considering rice variety and cooking meth-
od when making a generalization about the glycemic re-
sponse to rice. Recently, GI for three Indian varieties of
rice was evaluated for against glucose as the reference
food (50 g available carbohydrate)."* The GIs of the Indi-
an rice were slightly lower than those reported in our
study, ranging 70.2-77. As early as 1992, amylose content
of rice was identified as a characteristic that could reduce
the glycemic index of rice.'” Further research on high-
amylose varieties of rice is necessary to fully understand

the variability in rice GI. The high GI of white rice is as-
sociated with higher risk of type 2 diabetes, particularly
in Asian populations. The dose-response analysis showed
that each serving a day of white rice consumption was
significantly associated to an 11% increase in risk of dia-
betes in the overall population. Therefore, identification
of lower GI rice may be protective against chronic disease
development.”> A recent clinical trial also showed that
ethnicity impacts GI of rice, with self-reported Chinese
subjects experiencing a higher GI in response to some
rice varieties than European subjects.”

Increasing consumption of RS has shown beneficial ef-
fects on postprandial blood glucose and insulin concentra-
tions in people with either normal or impaired blood glu-
cose concentrations. Yamada et al * reported that a single
ingestion of bread containing 6 g RS significantly inhibit-
ed postprandial glucose and insulin responses in subjects
with fasting blood glucose >110 mg/dL. The treatment
had no effect on subjects with fasting blood glucose <110
mg/dL. Behall e al *" reported that the consumption of
test muffins providing several combining levels of f3-
glucan and RS (B-glucan intake averaged 0.3, 0.9, and 3.7
g and RS intake averaged 0.9, 3.4, and 6.5 g, respectively)
resulted in a reversal relationship of postprandial blood
glucose and insulin responses. The combination of re-
sistant starch with B-glucan showed a greater decrease in
glucose and insulin than RS or B-glucan consumed alone.
Moreover, subjects who continuously consumed breads
containing 8-13.4 g RS showed a significant reduction of
glucose and insulin responses.”® Maize-derived RS need-
ed to be consumed at the 15-30 g level to improve insulin
sensitivity in overweight or obese men, and this effect
was not seen in women.” A clinical trial showed that a
RS supplement (48 g RS) had no significant effect on the
appetite and postprandial glycemic response in healthy
adults.® It is likely that the dose of 4.4 g RS was not suf-
ficient to observe a change in glycemic response acutely,
particularly in healthy adults.

In subjects with impaired fasting glucose (diabetics,
prediabetics), this treatment has the potential to reduce
glucose AUC with chronic consumption. A daily dose of
6 g RS from rice, consumed for 4 weeks, significantly
decreased postprandial glucose concentrations in diabetic
and prediabetic subjects.’’ Chronic consumption of re-
sistant starch is hypothesized to improve insulin sensitivi-
ty and insulin secretion. The beneficial effects of RS may
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only be evident with long term intake, which may explain
why this acute study showed no difference in postprandial
glycemic response.

The amount of rice consumed in the present study was
a realistic serving size (1-1/4 cups cooked rice), and the
RS dose in this study was realistically obtainable from
foods as part of a normal, healthy diet. The length of re-
frigeration storage is the maximum safe storage time,
provided that the rice was chilled immediately after prep-
aration.”> The rice samples selected for the clinical trial
had the greatest difference in RS content (0.20 g RS vs
2.55 g RS/100 g rice as-eaten). We expected that, due to
the difference in RS content, that these samples would
have the greatest likelihood of eliciting a different glyce-
mic response, postprandially.

The present study found no differences in appetite rat-
ings between rice treatments; however subjects felt more
full and desired to eat less after consuming the rice com-
pared with the glucose beverage. A similar finding was
reported by Ranawana et al: Basmati rice made subjects
feel significantly less hungry, more full, and with a lower
desire to eat compared to a sucrose sweetened beverage.*
The increased fullness and satisfaction are likely due to
the solid nature of the rice. However, RS has been linked
with appetite suppression and decreased energy in-
take.”*** Resistant starch content of rice could influence
appetite ratings, but further work is necessary to explore
this mechanism. The maximum dose consumed in this
study (4.4 g RS) may not be sufficient, and long-term
studies are more appropriate for evaluating this effect.

Conclusion

This study demonstrated that RS content of rice is varia-
ble, dependent on rice variety and cooking method. Alt-
hough the rice samples studied had significantly different
RS content, these differences did not result in physiologi-
cal differences in postprandial glycemic response in
healthy adults. The study was limited by a small sample
size and the acute nature of the study. Future work should
evaluate RS content of novel varieties of rice and deter-
mine postprandial glucose response in a higher-risk group,
such as adults with elevated fasting blood glucose con-
centrations.
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